On-Orbit Measurement of the Effective Focal Length and BBR of the VIIRS Sensors
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Introduction Measurement of Spatial Shift and Measuring the Effective Focal Length
We report here on the measurement of the effective focal Simulation Quallty with Cross Correlation We varied the assumed focal length value for the SNPP VIIRS

length (EFL) and Band-to-Band Registration (BBR) of selected bands To maximize the performance of the cross correlation, we scaled the geolocation data over the values -1.0%, -0.8%, -0.6%, -0.4%, -0.2%, 0.0%,
of the SNPP and J1 VIIRS sensors from on-orbit data. This is original and simulated VIIRS image data to the same range and maintained 0.2%, 0.4%, and 0.6% change from the current operational focal length
achieved by simulating VIIRS data with Landsat 8 OLI data utilizing the data in floating point. value, and varied the assumed focal length for J1 VIIRS over the values
the VIIRS geolocation data generated with varying values of focal We represent the spatial shift between the original and simulated VIIRS -1.0%, -0.5%, -0.25%, 0.0%, 0.25%, 0.5%, and 1.0% change. For the
length. For each scan of a selected VIIRS data set, various subsets image as r (row shift) and ¢ (column shift) and the shifted simulated image selected subset from scan 66 of the SNPP VIIRS data set at 1824 UTC on
of the data are examined to find the subset with the highest spatial as s,.. Positive column and row shifts move the simulated VIIRS image up April 29, 2018, we have the plot:
correlation between the original and simulated VIIRS data using (south) and to the left (east). e The plot of the
the nominal geolocation information. Then, for this best subset, We define the cross correlation (CC) between the original VIIRS image, oo measured values forms a
the focal length value and the spatial shift are varied to find the 0, and the shifted simulated image, s,,, as: bo0ms very smooth curve that
values that produce the highest spatial correlation between the ' Y 2ylo(x,y) — ol[syc(x,y) — 5] | 099 can be fit cIoser. by a 2"
original and simulated VIIRS data. This best focal length value is (e = ey L 09915 degree polynomial. The
taken to be the measured instrument EFL and the best spatial shift \/Zx dylo(x,y) — 0] Yoy XylSrc(x,¥) — 5p¢]? v y =-0.0032x? - 0.0007x + 0.9923 first derivative of this
- trati - \ / 7o = 0995 curve can be solved to find
I8 FeLeE B9 95 e MEgeieien of fie Vil e rEamve i s The r and c values correspond to the measured VIIRS geolocation offset 099

s the location of the peak of
0.989 the curve: the peak Is at
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 04 0.6 _0.150% Change,

Landsat data (from which the VIIRS BBR can be inferred). ellerve T Lerelasr

Overview of the Approach
1. Select pairs of cloud free VIIRS and Landsat data sets from the SN PP Vl | RS RESUltS _|1 Vl | RS RESUltS COﬂClUSionS

same date over high contrast features visible in the VIIRS data.

2. Generate several instances of VIIRS geolocation data based on The measured data is from archive set 5000 The measured data is from archive set 3194 We have measured the EFL of SNPP and J1
varying values of focal length. from the dates 11/6/20165/6/2017, _1/7/2012: from the dates 4/29/2018, 4/30/2918 and VIIRS, along with the spatial offset of the

3. For each scan of the VIIRS data, over the portion covered by and 4/29/2918. The operational EFL is -0.353% 5/28/2018. For .Jl VIIRS the operational EFL geolocation, versus the Landsat OLI instrument.
IR, 1 ftla e sl ilate. b veral Sbsete of the of the nominal EFL for SNPP VIIRS |- & M-bands. equals the nominal EFL. The original (nominal) assumed focal length
VIIRS data using the nominal geolocation data and appropriate EFL deviation (% operational) EFL deviation (% nominal) for SNl?P VIIRS was too long, so_the current
system point spread function, and select the subset that ZZ ZZ gge;g;m;qal iocatlhlength e Iac;I\J/Iusted tc:j t?e
O e ':':2':';"5 '3'.2'3';'”6 A | réferer:cse ’?or tehre cj:rgr?tn:)lnzrétioenaasluf';)ecaIIn

4. Visually inspect the Landsat and VIIRS subsets to ensure that oo | IIII 00 |54 58§ L il I | I length, we have found thal’[c)the measured EEL
each subset does not cover a large area of water. Revise the o0% (2928 $1ed I . 020% L Il J [ ] deviati’on s vy allese s U far fhe e
subset selection, if necessary. (Measurements over large areas 0.40% - TI1 0,005 2nd M-bands. However the EFL deviation i
of water usually give very high spatial correlations but also 0.60% Iell oo ’

still relatively high for the DNB at about -0.5%.

Band Name Band Name The measured BBR is very good with less than
0.08 nadir equivalent pixel shift for SNPP VIIRS.
The measured EFL is very close to the
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often give essentially random results for best focal length and
spatial shift values.)

5. For the selected subset, measure the spatial correlation

between the original and simulated VIIRS data for varying ) Offset From Band 12 (nadir equivalent pixels) ) Offset From Band 12 (nadir equivalent pixels) Sssumed (nominal) £ cal Iength for J1 VIIRS,
values of focal length and spatial shift, and note the spatial . . ¢ 3 313 with less than 0.1% deviation (except for I-band
shift that produces the highest spatial correlation. Take this o o o : 5 at about 0.25% deviation). The measured BBR
best spatial shift as the registration of the VIIRS data relative ; FOIz JI; 503 §eui ; n; $ | Y EEENPEEE for J1 VIIRS is offset by over 0.2 pixel along
to the Landsat data. 01 il ” T icffjft 01 b il ) icffjft track for bands I3 and 15, but excellent
6. For the best spatial shift, fit the plot of spatial correlation 02 o 0.2 o otherwise with less than 0.04 nadir equivalent
values versus focal length values to a 2" degree polynomial o3 Ll bl o3 Ll Ll Ll Ll L L L pixel shift.
curve and take the focal length that produces the maximum of - %2 EEES -~ === B33
the curve to be the measured focal length. Note the peak and pand Name sand Name REfe rence and
R? fit of this curve as measurement quality factors.
7. Repeat steps 2-6 for the remaining relatively cloud free scans DatEaFfIr-ugeNUc::.t{?SU:(lcfa?fsiga‘gtalfsrlill)JTC Data ff:nl‘; fﬁ?f'f;'félg‘i T;Télnfsgs uTC A-ICknObWIEdglfment-
from the VIIRS data with coverage by available relatively cloud 0.80% 0.800% J;.;\mes . Tilton, BO ertE. V.VO ”e, Guoq.lng (Gary)
deat data. 0.60% 0.600% Lin and Zhangshl (Albert) Yln, On-Orbit
Al 222 E;E T | T Measurement of the Focal Length of the SNPP
8. Tabulate the results from each VIIRS data set and report the oo [ ] ) R 3 | | oo0o% |1 o g | 1 177 & 11 ! ! VIIRS Instrument,” in Proceedings of the IEEE Int’|
mean and standard deviation values for the measured focal 0% ' 3 1 I ¢ 23 i | | 0200% | == . Geosci. and Remote Sens. Symp., Fort Worth, TX,
length and spatial shift values for scan subsets with high JORE. P USA, pp. 4056-4059, July 23-28, 2017.
spatial correlation and R? values (ideally spatial correlation >= B o e s sgzos =235 =33 This work was supported by NOAA JPSS
0.99 and R? >= 0.995). i o Name - ) sond Neme " reimbursable funds under Agreement

NA15AANEGO0225.
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